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  Abstract – The utilization of product configurators (PC) 
in the sales phase is a well-established solution for 
manufacturing companies of configurable products and it 
comes along with several benefits. However, there is a 
tendency identified currently in the industry that companies 
use PC to cover more lifecycle phases, such as engineering, 
manufacturing and service. This is described as 
configuration lifecycle management (CLM). Digitalization, 
increasing complexity and competitiveness are the main 
drivers of this need. This research analyses 59 case studies 
using PC in several lifecycle phases. The findings from the 
case studies confirm this tendency and the need towards a 
complete CLM solution is discussed.  
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I.  INTRODUCTION 
 
 In today’s continuous evolving environment, 
manufacturing companies of configurable products have 
to overcome several challenges to maintain their 
competitive advantage. To keep up with the current 
industrial phenomena of digitalization, product 
personalization and global supply-chain networks, 
companies need to be agile and adapt to changes rapidly 
in a volatile environment [1]. There is a pressure for 
companies to go through this transformation smoothly and 
to ensure that all dimensions of the organization 
(products, processes, people, and technologies) adapt and 
enhance the new work routines [2].  
 In addition, the increased demand of highly 
customized and personalized products from customers, 
together with the advances in technology that allow for 
this high degree of individualization, have lead 
manufacturers to increase the number of product variant 
they offer to the market. This phenomenon has become 
more often in the recent years, leading to unavoidable 
increase of complexity. As product complexity increases 
due to proliferation, the complexity of handling product 
information increases as well [3]. In particular, when this 
product information comes from different sources and has 
to be shared across numerous users, the need of validating 
it becomes imperative [4].   
 Configuration lifecycle management (CLM) 
addresses these needs for manufacturing companies of 
configurable products [5]. CLM manages all product 
configuration data and describes product models in a 
universal manner, containing product information that can 
be used across different departments and in different 
lifecycle phases of configurable products [6].  
 Product configurators (PCs) are well-established 
solutions helping companies to address the need for 
digital transformation and complexity management. They 
do so by supporting process and product standardization, 
and validity and sharing of configuration data. 
Manufacturers of configurable products are using sales 
configurators for their standard product offerings. Lately, 
it is observed that PCs are used to some extent for 
engineer-to-order products as well. The main reason for 
this extended use of PCs in relation to the products 
included in the system is due to the gains from its use. 
 Another parameter where extended use of PCs has 
been reported, is related to the product lifecycle phases. 
Data describing configurable products across all life cycle 
phases (engineering, sales, manufacturing, service) are 
included and handled by PCs [7]. So far, sales PCs have 
been used to guide the customer to select the most 
suitable product for his needs and to generate the 
quotation. This use of PCs is linked a number of benefits, 
which include among others, reduced sales cycle time, 
improved quality of quotations, improved pricing 
accuracy and increased customer satisfaction [8]. These 
PCs support the commercial process  [9].  
 However, PCs can be used to support technical 
processes as well [9]. In regards to product’s life cycle, 
PCs can be used to handle configuration data related to 
engineering, manufacturing and servicing. This extended 
use of PCs serves the need of the process continuity, 
seamless integrations and data sharing across all involved 
parties in an organization. The advances in configuration 
related technology and the improvement of the actual 
configuration tools that are offered to the market are also 
driving this extended use of PCs. Especially when it 
comes to sales configurators the market is considered 
mature enough. This is not only because of the number of 
different solutions, but also due to the higher number of 
experiences and lesson learnt from the implementation of 
sales configurators [10]. 
 Therefore, this research focuses on examining this 
development of the use of PCs across all lifecycle phase 
of configurable products. As this is a need coming from 
the industry, the paper presents the findings from 59 case 
studies regarding the extension of PCs implementation to 
describe products across several lifecycle phases. Based 
on the results of the analysis, we argue that CLM 
describes the future of PCs in terms of utilization.  
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  The remainder of the paper is structured as follows. 
Section II presents the findings from the literature 
regarding the need of CLM. Section III describes the 
research methodology. Section IV presents the empirical 
evidence and the findings from the analysis. Finally, 
section V discusses the results in relation to the findings 
from the literature review and section VI provides some 
overall conclusions and pointers for future study.  
 
 
II.  LITERATURE REVIEW 
 
The implementation of a PC in the sales phases has 
been discussed in detail in the literature. A significant 
amount of research papers focuses on the benefits from 
utilizing a PC, the structure of the PC and on the 
knowledge capture and product modeling techniques [11].  
A main aspect widely discussed in relation to PCs is 
the process standardization. The need of process 
standardization is imperative to maintain agility, 
especially in large organizations operating globally and 
having international supply chains [12]. Process 
standardization is a requirement for a successful 
implementation of a PC.  
In particular, in the sales phase due to the process 
standardization, companies are experiencing shorter lead 
times and shorter cycle times for the sales process, faster 
quotation process and improved communication of the 
sales personnel with the customers [8]. In a similar way, 
for the successful implementation of a PC in any of the 
other lifecycle phases, process standardization is a 
prerequisite.   
In the engineering phase of a product’s life cycle, 
product standardization is achieved through mass 
customization techniques and modular design [13,14]. In 
this way, product complexity can be controlled and 
reduced. By standardizing the product assortment, 
companies have a better overview of their product 
offerings and the hidden costs of external product variety.  
Product standardization is another requirement when 
implementing a PC. Therefore, PCs are considered to be 
very efficient tools to support control and reduction of 
product complexity. Through the use of a PC 
manufacturers have a better control of their product 
portfolio, more accurate overview of the profitability of 
the products and a clearer picture of the market 
requirements [15].  
Changes in the requirements of configurable products 
are often driven by external stakeholders, such as 
customers, suppliers, legislation [4]. These changes and 
all the consequences they have, need to be incorporated 
across different data management systems, to ensure that 
the outcome of the configurator is valid and up-to-date. 
As the complexity of handling of configuration data 
increases along with the complexity of products and 
processes, when these changes vary across geographic 
location and time, the task of ensuring that all 
configuration data are up-to-date becomes rather 
challenging and time-consuming.  
For instance, when engineers are designing products, 
they need to be aware of any changes in the legal 
requirements that the configurable products need to fulfill.  
Furthermore, sharing market requirements and customer 
preferences lead to avoidance of over- or under- 
engineering products [16]. In the configuration process, 
this can be achieved by limiting the solution space by 
adding rules. This has a direct impact on reducing lead 
times for engineers to prepare specifications for the 
products along with the number of errors contained in 
these specifications. 
Furthermore, when defining the solution space of the 
product offerings, manufacturers are able to identify 
products with low sales volumes, low profitability, and 
high complexity costs. When these products are 
eliminated, there is no need to maintain them in the IT 
systems anymore, engineering hours are saved and sales 
personnel provide better guidance to the customers. 
Besides, the quality of specifications sent to production is 
increased, though generation of valid bills-of-material 
(BOMs). To achieve this, a certain level of maturity in the 
organization is required. This includes alignment and 
integration of product configurators with IT systems, 
process and product standardization and cross-
organizational collaboration [2]. 
In addition to these findings, control and reduction of 
product complexity has a direct impact in the 
manufacturing phase of configurable products, where 
components are produced and kept in stock for extended 
periods of time, until they become obsolete or outdated 
[17]. When these components are eliminated, the 
production process can be optimized by having more 
accurate planning and batch sizes, and reduction of work 
hours and waste [18,19]. As a consequence, the cycle time 
for the manufacturing process is reduced along with the 
costs, which leads to decreased delivery time and improve 
on time delivery [20].  
A valid and up-to-date product configuration model 
accommodates several needs when it comes to servicing 
[4]. There are products with long lifecycles, e.g. aircrafts, 
cars, wind turbines; when times comes for maintenance 
the original product or some of its components are not 
produced anymore. As the technology advances rapidly, 
new products constantly replace the old ones; changes in 
regulations or even natural causes can be responsible for 
elimination of several products. As a result, maintenance 
becomes a challenge. Therefore, there is a need for 
keeping track of all the changes in a product model to be 
able to assess the most recent version of the configuration.  
This leads to a reduction in the number of errors and 
the hours spent for servicing. The efficiency of the service 
phase is improved together with the quality. In addition, 
predictive maintenance becomes significantly more 
efficient, as the company has the possible of keeping track 
of all its products in the field and how they behave. This 
feedback is valuable for engineers re-designing products 
and developing new. This direction in the service phase is 
strongly supported by the digital twin trend. Digital twins 
are developed based on the products installed, which are 
 being monitored, the collected data are analyzed, and 
predictive capabilities are advanced [21].  
Implementing a PC in the service phase can assist to 
overcome these challenges and experience certain 
benefits. Yet without connecting it to the other lifecycle 
phases, IT systems and parts of the organization, the 
realized benefits are significantly less and more difficult 
to achieve. Hence, the impact that the benefits have on a 
company, is highly related to the maturity of the 
organization in terms of the cross-organizational 
collaboration, integration of IT systems and knowledge 
sharing among individual employees and business units. 
 
 
III.  METHODOLOGY 
 
 The focus of this research is to examine the evolution 
of implementing PCs across all lifecycle phases of a 
configurable product. Case study is selected as the 
research method, due to the nature of this research [22]. 
Since we want to examine how the use of product 
configurators are extended from sales to engineering, 
manufacturing and service phase, we need to provide 
empirical evidence to support the findings from the 
literature. 
The case study includes 59 companies using product 
configurators in several lifecycle phases of their 
configurable products. The implementation of the PCs 
covers a specific period of time, from 2003 to the first 
quarter of 2018. Data collection included semi-structured 
interviews with managers from the case companies and 
documentation related to the PCs in use. The 
documentation included data regarding the purpose of the 
PCs, the requirements and the main functionalities of the 
system, the teams involved in the development and 
maintenance of the PC, the connection points with other 
IT systems for data retrieval (input and output), the user 
groups and what were the expected goals by the 
implementation of PC. Based on these data, the research 
team was able to analyze the use of PC in each case 
company, in terms of coverage of lifecycle phases.  
 
IV.  RESULTS 
 
A. Overview the case studies 
 
The 59 case companies are manufacturers of 
configurable products, from the automotive, industrial 
equipment and machinery, and consumer goods sector. 
The companies are considered to be highly representatives 
of their respective business sectors. The size of the 
companies is medium (250-1000 employees) and large 
(above 1000 employees). The main commonality across 
the examined companies is that they have been utilizing at 
least one PC in one of the lifecycle phases of their 
configurable products. Additionally, they all operate 
worldwide. All case companies have production facilities 
across several geographic locations; they serve 
international markets and have a global network of 
suppliers.  
 
B. Findings 
 
The first step of the analysis includes the number of 
product lifecycle phases in which the case companies are 
utilizing a PC. Table I demonstrates the results. As it can 
be seen, out of the total 59 case companies that are 
examined, 36 companies are utilizing a PC to handle 
configuration data only in one lifecycle phase, while 22 
companies have implemented PCs in two lifecycle phases. 
There is only one case company that utilizes PCs to 
handle product configuration data in three lifecycle 
phases. 
 
  TABLE I 
NO. OF LIFECYCLE PHASES COVERED BY PCS 
 
 
No. of 
lifecycle 
phases 
1 2 3 4 
No. of 
case 
companies 
36 22 1 0 
% of case 
companies 
61% 37% 2% 0% 
 
The second step of the analysis revealed which are 
the lifecycle phases that PCs are covering in the 59 case 
companies. As expected, and in alignment with the 
literature [8,9], the majority of the analyzed case 
companies have PCs in the sales phase (67%). 
Engineering is the phase following with 25% of the 
examined companies reporting the use of PCs, however 
there is a significant difference between the first and the 
second place. For manufacturing and service, only 4% of 
the cases have documented PCs utilization in each of 
other two product lifecycle phases. Table II presents these 
findings. 
 
  TABLE II 
NO. OF LIFECYCLE PHASES COVERED BY PCS 
 
 
Lifecycle 
phases* 
E S M SE 
No. of 
case 
companies 
21 56 3 3 
% of case 
companies 
25% 67% 4% 4% 
*E:  Engineering, S: Sales, M: Manufacturing, SE: Service 
 
To better understand the results presented in Tables I 
and II, we analyze the possible combinations of lifecycle 
phases where PCs are used. By identifying specifically in 
which lifecycle phases product data are handled by PCs 
and what are the most common combinations, we can 
have a better understanding of the tendency of utilizing 
PCs across a product’s lifecycle phases. Fig. 1 illustrates 
the overall results, for the 59 cases and the specific 
 lifecycle phases and combinations that they utilize PCs 
for the period 2003-2018. As it can be seen from the 
chart, there are 33 case companies utilizing PCs only 
during the sales phase and 3 cases only during the 
engineering phase. The remaining 23 cases have different 
combinations of lifecycle phases where a PC is utilized.  
 
 
Fig. 1.  Distribution of case studies based on the lifecycle phases 
covered by PCs. 
 
 By taking a deeper dive into the analysis, we found 
that there is a significant difference between number of 
lifecycle phases that are covered by PC and when this PC 
was implemented. The cases that implemented PCs in the 
more recent years from the period examined tend to 
include more than one lifecycle phases. In particular, we 
identified that out of the 23 cases that cover a 
combination of product’s lifecycle phases by a PC, only 
one case has started the utilization during the period 2003 
to 2014. The 22 remaining cases are placed during the 
period 2014 to 2018. Table III shows this distribution of 
cases and lifecycle phases over time.  
 
  TABLE III 
PROJECT DISTRIBUTION  
 
No.  of 
cases 
Total E S E & 
S 
S & 
SE 
S & 
M 
E & 
S & 
M 
2003-2014 10 1 8 1 0 0 0 
2015-2018 49 2 25 16 3 2 1 
Total 59 3 33 17 3 2 1 
*E:  Engineering, S: Sales, M: Manufacturing, SE: Service 
 
 As it can be seen from Table III, during the period 
2003-2014 the number of cases that have implemented a 
PC across different lifecycle phases is very limited (only 
one case). On the contrary, for the following period 2015-
2018, we can see a significant increase in the number of 
cases that implemented PCs to handle products in more 
than one lifecycle phase. These results are aligned with 
the literature [1,4].  
 However, there are no cases reporting PC utilization 
as a standalone solution during the manufacturing or the 
service phase of their configurable products. This can be 
explained due to the fact that if products are not included 
in a PC during the early stages of their life cycles, it is too 
difficult to start using a PC during manufacturing. 
Similarly, it can be argued that utilizing a PC only in the 
end of a product’s life cycle, during the service phase, it 
will not bring the expected value, for instance in terms of 
cost savings or use of the feedback for re-engineering 
purposes.  
 Based on these results, it can also be concluded that 
the first point of extended use of PCs for configurable 
products is the collaboration between the engineering and 
sales phase. This can be explained, as these two phases 
are also more mature in terms of product modeling and 
the ones that have a more extended product data coverage 
by PCs, as shown in Table II.  
 
 
V.  DISCUSSION 
 
 The findings from the analysis show a tendency 
towards the extension of utilizing PCs for configurable 
products across all lifecycle phases. The results verify the 
identified need of extending the use of PCs to enhance a 
cross-organizational collaboration, moving away from the 
current silo structures [2,4]. CLM serves this need by 
providing a universal product model, which includes 
product information that describes the configuration 
relevant features and rules across all lifecycle phases.  
 Change management of configuration data and 
process standardization are some of the underlying 
principles driving this need for CLM solutions. In 
addition, the increasing product complexity and the 
demand of customized solutions from customers are areas 
whose impact can be controlled by implementing such 
solutions to handle in a more effective and efficient 
manner the product portfolio.  
 An aspect that cannot be seen from this analysis is the 
extension of a configuration project within a business unit 
or across different business units.  There are examples 
from these 59 projects where the case company has 
expanded the range of products to be included in the 
configurator or the number of departments (with different 
geographical location) that are using the PC. However, 
due to lack of data verification this part is not included in 
the current analysis. This should be further examined, as 
the size and the complexity of the configurator might have 
an impact on the expected benefits [23].  
   
VI.  CONCLUSION 
 
 The focus of this research article is to identify and 
analyze the current trends on the utilization of PCs from 
an industrial point of view. The article discusses how the 
utilization of PCs is extended to include product 
knowledge that covers the entire lifecycle of a 
configurable product. Case studies have been conducted 
to investigate this phenomenon. Based on the results from 
 the 59 case studies, the sales configurator remains the 
most popular solution for manufacturers of configurable 
products, aiming at reducing cost and lead times while 
improving the quality of their configurable products. The 
empirical evidence also shows that there is an increasing 
number of manufacturers extending the use of PCs to 
more lifecycle phases, such as engineering, manufacturing 
and services.  
 The literature review also supports these findings 
from the empirical evidence. There is a significant amount 
of research papers focusing on sales configurators, while 
there is limited focus on the other lifecycle phases of the 
configurable products. This research aims at contributing 
to this gap by providing an overview of the current trend 
in the industry.  
 Based on the results of this research, there are several 
areas identified that require further study. The scoping of 
a CLM solution, the integrations to other IT systems, the 
organizational structure and knowledge sharing are 
research areas that would support to overcome the 
challenges of implementing CLM solutions and improve 
the realized benefits.  
 In conclusion, the need for CLM solutions is 
supported by the results of the analysis from the 59 case 
studies, indicating that there is a strong tendency in 
extending the use of PCs across all lifecycle phases of 
configurable products. This tendency is expected to 
increase given the fact that the digitalization era that we 
are currently experiencing requires agile organizations 
adaptive to changes and supports seamless integration 
across not only products’ lifecycle phases but also 
business units and entire organizations.  
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